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(54) APPARATUS FOR LOCATING RADIOACTIVE SOURCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To casing locate a radioactive source in a body lumen by 
enabling insertion of the radioactive source into a hollow guide wire with a solid core at 
a distal end thereof in an apparatus which treats a coronary artery or other body 
lumens by a radiation to reduce the tendency in developing restenosis. 
SOLUTION: A radioactive source wire 50 is arranged at an opening formed at a 
proximal end 27 of a tubular guide wire 25 with a radioactive source tube hole 26 
formed therein to let the opening slidably receive it and a flexible tip 31 made effective 
for guiding through a meandering blood vessel is provided at a solid core part 30 
provided at a distal end 29 thereof. The guide wire 25 is provided with a screw clamp 
33 at the proximal end 27 to connect the guide wire 25 to an after loader. The -i^i .* . » 

radioactive source wire 50 is inserted into the guide wire 25 after the dilatation of a 
constricted part of a blood vessel with a dilatation catheter. At this point, the solid ~£ % 

core part 30 is located by monitoring the position of a marker attached to the wire 
guide 25. 
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PTCA^t>MWJfll«rtl$lfe5iH5 (PTA) o^lt 

mx-mt) l k wmx'fo o.^t -swum t h mm 

[ooi2] m®ftmffimiz&izmmtzm<o%m 

fmzjB&Lxsmztitir* tgrnzttLxmrnLxsm 
ztL&i%r&izii. «^$tt4J5cstia*Ji, smmma/ 
t£nwmm<>}kmz&i ^ x t^-iz% o.tot,- 

ii^. «=Ki*)^)4"i:^{aa^ft§iti») wtc&wii^ 

aA$^T^4^tC{i^^StCJ±iIiSL^^{mi: 
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tctthlf. HRK. &8*&fi£«&-f h ij^r- Til- 

[ooi3] mzftmx*i&3><(7)m$=rf%ztix^z> 

ptc act) j; -p %imftiftx<mizim®mz tm 
mziE.mzm&-? & <r> izwt h * mm iz l tro wsl 
izm- h mMm.wMmconta i ffist Lxiz&'Mz-t h m 

£ , JfiL^l*l4M*r<?)££tt&tf jftft^ & -JI h Z\ t & 

tthX'hho. 
COO 14] 

m^h. *%>mz£tii£. frm&ftco&mm®izmf&-? 

h tz&oMMWm.Si^Xh. hZ\t IfiX % h *M H «7 4 
-«HC % RStttaSU. XM KV-f^rt 

4«aittta«TLfc . mimxcvtpmziT&tttzmz-tz 
Mimmm&v a ^n'^mz^mm^m.^^x 
£«s> L**oa«««fc:w-r«»ifci*»«v>f wots: 

J: 

[00 15] 

«fLti, - if - y^^f—f-^a-oTStX 



#4 J ?&*>iAz$LWfc}tr?' < -< . #-f--f/UDSt 
%&Wmimz%iW.Ztl. ttltttS (radiation dose) 

[0016] g«mAfr!HAH-«^£U, **Ertt:* 

^TilSMsH- =5rfa *>^)V- tcffiatf § J: o 

\ziiA VVJ^tXmmZti. f/W^^U- 

im&m<&7£m&Bmmmwz®.w2ti. mmmmzn 

[0017] • if • Wr—T/lrXiiSSaL 

xtPi*T-Tfr<7)\,^-fix(zfi>mi-Z>lg&Ti>. WMWz 

ISOtaJi. PTCAX{iPTAW«fXti>Iii^c?)#«c7) 

s^tcfi 1 ^ a i <k wx'% h . ^mm<rm\z swam* 

PTCAXJiPTAffi^io^KSg^gcof^^. tfeSS* 
[00 18] 

iminmmcrmm] ^mcfm<^mmx/^mi. * 
wm%tmfrt>wbfr\,z*£hx'b?>d . ^wskjmf^ 

B5te5i1*j ( PTC A ) aWS&WJIl'BPrtEfiKSiW ( PT 
A ) co J; d ^JM«P"=l¥ffi-C'(i:. fc # fc' # . ^jgeWTS: 

ft^'&tpRtsm'mnw.mz. ffrmmLtzmmcotm 
fti®£3mm®tzm&-r&. mis. tmmmu. warn 

-^-ti. m%m®<r>miizmmzi\ht]7--7->vft\ l znx 

YVA ^t=?ll*|l=if ATI 5J:3 6 i t . X(i*5tlt 
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[0019] *M KV>f^-aS*iloTffi 

i>. mm®.igmmztf4 w a 

<-ri>CDTfo&. iJA KV-f-^2 50jfi{4^2 7tC(i. 
^*fHiSV'f-V5 0^}il!)^rig^(tAixl>^i6O^n 
jWRft$>*U *»oilfiJ|2 9fcti, i»#9<ta-5fcllL'Br 

0 $ afc ft w 0 < o tz mmzm -yxtfjvvj* 

[0020]*M -WN i T i TJBJ*3*l**& 

Xrt'f hgffijIA (A, ) Sr^U *^7»tO 
fflj&y^>-x££>o3 2~5 2%Of-?>-&l/l 0%* 
T'O^SD^tc^ Sr-^W-f h . - *)V*&im& 5 0 % 

& t . Mte**£ t ^o^^rasnx^ «ftf & . 

^JP-&^7C«t LT. ft. nys'/l-h. ?nA. yt 

[0021]*M F7><-\'2 5<0}iM^M£(4. 0.203 
~0.S13 mm (0.008 —0.032 4 tf)®HF*L Si t 

< {4^0.356 mm (0.014 >fyf-) X'&h . 0.356 mm (0. 
0144 v&) <D*l-g£to;<M KV-f-Vti, 
iiTV^J&t'tfOfeSR^r-x^tOSiStt*^^,. 01 
C*t^K7^t2 5li, **>£Sfc:i&->T— JgOtt 
Sitti* 1 . 33l^5r£>{4\ #4 h'74^25*. * 

<7)jfi{a4g 27x-±$ * t*-^(a^ 2 9 t'/hs 

fc^fc^-fc-f-' 4 3 tcJBfc-c* set 
OcmO&HflK-f 6 .1 i: & A*. S»Mffl£ti£> 1 
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ixh) zwfoirh^m'&&m>i}rt-x*m$X'%h. zco 

£o%&m*><-li^tffi&lzm$X'Z&tf. ii'A KV 

4 ^juh^ 3-f - * yy-th zti>x'*&. 
[0022] mwz. H?a>Oct o iz. 2mmcr>±mxm 

sn, &®.w<r)*y?-&mzi£, wtmtf&6 

X°*hm:WLtthZ\btfX*%&. HA YVA ^2 5<Oft 
TLitS^O . 32 1 V ^ d HSltti .W^JfPTCA&tfPT 

A«c{effl$n4«fflw=sr^-f K^-f-vtiflefflSfL** 

V^OBBBTti. KV'f ^2 5J40.356 mm (0.014 
-O^-) C0*KS£*U **fHi®^?L2 6(i. *f^L< 
(4*^0.254 —0.114 cm (0. 10M).0045-f yf-) CO^Hrt 

[0023]*M KV-f-Vti. ^-OS{aSS2 9tC*l|3 
7^3 05fL, R+Sl37*#3 0li ffajL^» 

26) fc:jStttt»JS-r43&». -Mf. n>>ftJtX«x,-K 

* ~>cr>mmmcoam,^m^mz 4 0 4»aE»»tcK *) ft 

£ cfun 3 0 (nftmzMit-thtzthkzte. mm 
zti&irmii. ha YvA^<r>*^ft<mmm&zm 
wmzm^mwsmk t^m^mmhti^mx^ 

<Xl&t>%\.\ r»» 3 014. «3&*'5<fcofc 

tmrnzMLxtfA \*'74 j r*mfitt&wto&-t&*m 

ttf7 73 l^WtT^ft. »Tltttf--y7°3 1(4. ffiS 
«¥tc4 0 H-oa T^*A^^-TS d t i>X'Z h . 

V'f ^<7)^{i^2 9coimzimx'£&± oiz-tz i-p 

^V^t4. tfH3r^3 0<7)-b7^Hy$r. ^C04 

[0024]*M Y r ?A\2 5^i£{4^2 7 1{4. 
KV-f ^2 5^rjyb* A -^$iH»^T7^-a-^ (H 
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!&(-)•*> Z t W?£ h . XMHftfll 3 3(4, SW&atfiR®*) 

pott««:«z.fcflijikL. tot, mw. mftx.ti.tf a 
vtmsmm™ vrtwwmz i>mitzi>cob-r 

4*, K«flH*3 3(4. #>T 
~u~yiz&& £ *ifcft-C t j^tCJE tx tfA H V 4 -V 

3(4, tffrJWBBfcr*-***, telbimW&tZmn-i} 
U ^H7^ft2 5ll PTCAX«PTA»T*«ffl 

zti& tzizffimmtctfj v^A^tmx^ixh^tj^ 
t'mtmmx\ &mn!m%mzft\zti&. m.mm2 

a!i i S^«*t>oiir«ttf-v7*3 k±, fc'gi&zm&tfj 
vv4*r2 5cm?<mmfo*mMizL, mm^mk 
tt7-*4 2(4. sm»xmmatm±v^ wa* 

[0025] *%P%cr>tfA vvA+nzmmLx. fti L 
Offiffl^ffiSrittHJ-rS. 02, 04&Z/H5(;^J:3 
(;, #4 K«7^2 5(4, 3Kfl#PC»<c>*VCH*J:3 
fc, a{MB2 9A««EJS«W«*TfleiifltJtffl[iBlcH»r 
*4T. »M3 4rtTmii$^-&. ifcfc:, tmtfr-f- 

jva o<r>®m*im'<ti>-y4 1 tf&&mmt%±>*>m& 

M®3 5Sr««JSJ:^(ciea$a-&4T-, i£3g#x-T- 
;H0*W F7M A* 2 5±t-S(4{Il(Cml3t$n4„ * 
Wtt^ajSttT-^4 2t4. E^tCi&fWPKrtT^ 
^-f7^ira*>il»&tf isra«3 5 rtT'O^N'/u-y 

;P->4 i«o+Affi{Sfc:*jv^T^'f— 0±(ciSit 
hixh. WMtfy—y-Jl^4 0l±tfA H7^tf?L4 3J 
*U f£#-f Yv4*?*ffil4 3(4, #>fH7>ft2 5S 
JB»«Tll&:£»t Xtifrr>1] T—7-Mzn LX tfA H V 4 

V-T^TU 3(4. *M b'V-f ^2 5cD?K§4 9*#^ 
f*)@, #4 L< (40. 0254—0.051 nun (0.001 —0.002 

y+) nn&tt-rh. *>< lt, »* t^mmmmx 

(4, #4 F*M-\»2 5(43 6mm (0.014 A CDtm 
£^TU tfA HV^-Vl : fL4 3(4*-70.381 -O.406 mm 

(0.015 —0.016 A V=f-) <Ort@€r*f 4. 

[ 0 0 2 6 ] &(C , BSfefr-r— r/U4 0 LT . ft 
ftW^aKftttiRWttci *)*iV->4 l *r«RLfc*BKf 
*tP3g£-££.Ii(;:4 9, 02(c* 
-*-#t— 7^4 014. a^ST'J£<»^>ix-Cv^sa 
3feM^ T-T-H>X'b *) , «RoaBt1f- h 4 4 , 4 5 £ 

3rr&. L*»ut*<4>, ^»^4>(f, *wmtfA v 

VA^ifi. • -if • y^^co^-T^lSr-a- 



WcotfA K -74^(4, Jt8S£ffi**Mi.fc*-^- ■ if • 
V A *rtf f—f-Jl'4 0 iz t tefflT § & ( *WP3NHFC 
(4, R^oiSSiiiaiS+^Ht^iH^^fflv^KW 
I.) . 1&m<F>tfA Hy^-VI4, itgE^^-r— rMzi> 
3L--7lzm^X'Zh. «rtf*^«f. XftWcotfA h'7 
-f ^(4 , A#<OiM»g(c|iai-rS i fc =5: < ««<^)«crt Ctt 

mfiK^frhx-hb. m^m^zu. imwrnma^ 
s-mcDssmizmta^ti^t. ss&.m*mm^ixx , a*t 

m&&im.*m®-rz>mz. &ftzmtmmfrt>fm-t& 
ztimsiznt t^ztx'h 0 , mi£c?)-mw%.m3 
m±. z z iz^gpniz 4 0 ixh 0 

[0 0 27] iai-H5(C^-r4dt, ^^3 5<7) 
feHItfc, ftltttffl , Sfi4S5 2CMSiUtft 

srtRisiwKs 1 STfit^^vf -V5 0 ) t,K mmmmn 
2 6 <7>mm 2 7 rtfeHfA$<x^aa«KS«?L2 e * 

3ioT, >y>f K VA* 2 5 <7)4«ll 37135^3 0(C|^-r 

himtx-mmztih . 4»H3T3 0(4, &ftnaiv^ 

■V5 Os6*3Cf>f N'V-^^2 5c7)J!(lt^j®« : ?L2 6^®->T 
SP^3 0(4, IS##X»j«®ia±"Cja«|^58jftttv 

4 2 o&M S: ^ 9 v y h z. t iz i <o g&com 
mf*nz?tbjEmzmw.ztix^zcr>x\ mmn, 4^, 

gMvWgfeftX'Vfofii&mmfts icoimzi&mtzVi 
JZX'ZZ,. K5SL^A;u-y4 4(4, II^I^%-(: 
»EU *K LT*x-x^4 0 SrWM3 4 rtT^WWc 
fiS^)-r&^^L, .IiX(c4D. ^ YVAT2 

5, ttattea(««5 1 1 mmfox*>uztismmfi> $ ix 

■?»„ MW7>(^5 0«<S^5r^(:l4 VA 
•V5 0(4, J^««*?L2 6rtt:JB»^rfiEfc:»t-Wi4> 

»4t<(4, Jfcftf*8M« : 7L2 6<7)t@4 0^$V^0.02 
54—0.051 mm (0.001 —0.002 A Xfoh. ZiX 

(4, wmmmn5 iwtt&feftX'*Mz&wm>z 
ix, ±mmmm5tfmL^mt®&&&n&£oiz-t 
ztubcommtc^mxh h . 

[0028] WM£W#fBTl4. ScStlUV-f -^(4, -« 

rtC^A^it^OHifJlSil, *W%<T>tfA KV^f-^(4, 
T7^-n-rSrffl^T(£ffl-ri»c7)(c#(cMLTV^„ 
tfA H*7-^ J V2 5 0ig{a^2 7(C(4, CTi(4*, 77^- 

a-y m^tf) izmnx'Zhfmmsszm&th 
zttfx*. zttizx*). ■kK^mmL^x'tsam 

ffl-r s t , tt»tft« v -< -v 5 o oiEd^aa^)^^ 

(C^rl.. ^•tf^r'btf, *M H T 7^-^2 5^$(4B5t»T' 
S>0, ta!-oTT75'-o-^i03>'h- A -^(4, KcStH 

most 5 1 ^'s^isis 3 5 (cfig-r ^ 4 o izmim.mv 

A -V5 0 ^HU«$-fr 4^#jEIKr®tSrft»"C# 
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K7^(^2 511 PTC AX 
<c»*3*u8r<T &M2, ftMIUHM 

frfrhfmvb*). i&<o&mm&\$mz-t. mz. m 
m&z. itmmzmnv&&is<mM&z%.®.mizm; 

a^ixi.. xf^ Hr7-f^&txaai4ganiii«tf5Pi**ji-r 

i t^'t'l Sf-tfL^Ii-^^yXf All 
e gilti'r-7'Ji'<7>Wklzim-t& 3^ has2Uf«8$# 

•C*&. ^f^BHtWcSv^. *3& $ 0<ia-3fcJfli 
««Jt*3ioTB««Wfc:M*iaiH|'5aB*iiOftltJ: 

#<&&k. *«+t=jii««js^ii»*«««*gtt*iir 

[0029]#iUU otfXfcffl^ft-CH ftSftftS? 

>f-v50(i /jy—y-tw^-y4 KDBimtmmztf 
m%^w<?>&mzm-?z>£&Tffltf*<ii%i l zMffiztih . -r 

O^T'ii. #r — O&XftfJ YV4*?1 5(2. 
{4S^$n^„ #4 5<7)i£ft3g2 7(2. H 

^T?:?-o-:*a:2 , 5. ^Kv-f-^2 5<oiwHtt 

*^y\VU->-4 1 O^iTOSE^tigiaT-felx^T-. 
iScStHa?.'? -V 5 0 12 . Jfc&f 5 1 it> *<)V— V 4 

ipHzimmtoztiztx-mmztLh. mmimssz 
mf^<^)v—y4 i tfB&zti&tmmiz. awn 
mmnsiw. rftfccnmsmf&s.v^xmi&iWL 



RU3rv*R8Mci3Vvc. Jfclt&itS&^gk L,"C**r 
f£ffl-r&.Ik £*>J:3*tt8trii, *M H7 

ftte&SKftS:*.*. 01&tX03H15£#BW> 
k. ft&tftiBd r7-f*5 0*5»JireiS$*i"O*4. L 
*>U5r**£>. S««=5:6ar. *Wftr>U4 K7^-\*25 

9 'J ^ttlflftWIWtfc: J: < f8fflT'£ 4 d k #3 

tlX a K> ft*oJR&V7L 2 6 MR»t <bixT v fctf> . 2fcM 
HiSSta©*** E Lit 0 . jUjS^oSA LTitSftSiiftWII 

smxtetrT-T-frttrnm. ( t^x^jK (cath iab> 

V^-V2 5c7)i§HlCjS^H>— ;WK70 (06) 
-rSdkSr^k-r^.. 

[003 13 06 k . *lfeWcOfl!i<^aBBJB 

A% $ ilT 0 , CI cr>^M^©T{2 . #4 H 7 -f * 8 0 

»S$ix. iSteSS-fe^v-3>-8 2*^ StSt^H^tc^ 
3§-tl»^'J-7-T'^$ixTV^„ iS{4^-b^^ 3 >'8 
2(2. S»XJ2U— If^^OttSOiSS^B^SK 

2 0 jfifitfS-t 3 y 8 1 izJR 0 #ft btih . mtfJ H 
7nt^i/ 3 y8L 8 2WS-^g8lCtJ(t-l.^7K>' 
K8 3(2. HSBllS*ll*-C*4t>^fc:^*'C**. 
|5)«(C. ?yay82t. SHfctfV H 9 0 tc2 
O^'-f Kv-f-\'80O4'll3r^84t;lil^$ix4. 

V^f^8 0{2ft«^jif.«fL9 2^*t. Stt»tK«V?L 
9 2t2. ft»Wasv>f "V5 0^2 5*»8t«WSrS»tA 
fH.^k^'T-^l»rt@$-W-tS. JJcStHiSjitt^'J-?- 
•C-^$il^ii(asg-b^ >• 3 >8 2J2. JfcStHi^lf 5 
lA^fiiSg-fe^^a v8 2rttcEM$^k. S^«1S 

3 5tcit^i>«Ai!c*Hlj®«^Sr^-r4. iSGLJg-fe^ 
^ 3 y8 1«i. Mitf. Xx>-l^^X{2ftSt^iSi 

ttoffecotiffl m%#4 yva ~v&m&£X'&fcz ixx a 
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Sr =flr"f JMttt H 7 0 tt , SattttfHfiffiSH: 9 ^ a 
MSt?y 3 y8 ltcaXDtttt&IttfT-^a. 
OmmT'$)-l») I^ISli 

[0032] *muzwax'% btiammk ix& < <r> 

A 'Jy-^Al 9 2 , tb'J'!7A22, XrtV-J^h.A 

6. -?y#>-4 6 . >f 7h'J^A8 8, *'JW1 3 
9, •t , J 1 7A14 1. Xhnyf>A8 5. 3^'^ h 5 

7, 3A>h6 0. -tey"7Al 34. ^^'-/A 1 0 
3. £19 8. =.*79 5^ *M203. 3^f 1 25 
RX/B^mi 3 1 U>. *$tWlZ&m-t&lZiitf 

mmwiwmmix'Z&imft&ijmtfj wA-v&im 
-TMzmLx^&ztimmztiXi. a 

l/^£3EK©*b Sit #T'# 4 . 



[0033] feLh. *«BJioft££li»«£W*Lj&»o 
[HI ] *3WB«1MI*JWW*»*Mr-f H7-f -vaif 

4. 

[02 ] H 1 fcTp-WJMK FV^^Wl&ffiS 

[H3 ] h' 7 >f-V£S»tAil6 • if ■ 

VA^ijf--^ivmfiiA YV A ^ftlz&XZixfztm 

[04 ] mm^.m^y—^ii-Rx/mimmvA^^f 
x~h&. 

[05] mmmmmm-^<mmW:mmzEM2tu-z 
ha YvA^m/umms.vA^m-t. xt—tim 
^\mcr)Hkkmmmx'h h . 

[06 ] HA KV>f-^r<Oi8fflJBco^*<fct-aw < sKy 

4^'-f YVA J r£*k-fMffimX'fo&. 
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2 5 H7-ft 
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CATHETER AND (JUIDE WIRE ASSEMBLY FOR 
DELIVERY OF A RADIATION SOURCE 

BACKGROUND OF JHE INVENTION 

Field of the Invent ion 

The present invention relates to au apparatus and method for reducing the 
likelihood of development of restenosis after an arterial intervention and, more particularly, 
lo a hollow guide wire for delivery of a radioactive source to the site of the lesion 
following, or during, an intravascular procedure such as percutaneous transluminal 
coronary angioplasty (PTC A). 

Description of the Prior Art 

In PTCA procedures, a guiding catheter having a pre-shaped distal tip is 
introduced percutaneous Jy into the cardiovascular system of a patient o:d advanced therein 
until die pre-shaped distal Up is disposed within the aorta, adjacent to ihe ostium of the 
desired coronary artery. The guiding catheter is Twisted or torqued frorr the proximal end 
to turn the distal tip of the guiding ^aibelti so that it can be guided into The coronary 
ostium. In an over-the-wire dilatation catheter system, a dilatation catheter having a 
balloon on its distal end and a guide wire slidably disposed within an inner lumen of the 
dilatation catheter are introduced into and advanced through tlie guiding catheter to its 
distal tip. The distal rip of the guide wire usually i? jranually shaped (i.e. . curved) before 
the guide wire is introduced into the guiding catheter along with the dilatation catheter. 
The guide wire usually is first advanced out die distal tip of the guiding catheter, into the 
patient's coronary artery, and torque is applied to the proximal end of the guide wire, which 
extends out of the patient, to guide the curved or otherwise shaped distal end of the guide 
wire as the guide wire i s advanced within the coronary anatomy until the distal end of the 
guide wire enters the desiTed artery. The advancement of the guide wire within the selected 
artery continues until its distal end crosses the lesiou lu be dilated. The dilatation catheter 
then is advtjiced out of the distal tip of the guiding cadictcr, ova the previously advanced 
guide wire, until the balloon on the distal extremity of the dilatation catheter is properly 
positioned across the lesion. Once properly positioned, the dilatation balloon is inflated to 
a prc-dctcmiiied size (preferably the same as the normal inner diameter of the artery at that 
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particular location) with radiopaque liquid at relatively high pressures (e.g. . 4.052 to 12.16 
bars (4-12 atmospheres)) to dilate the stenosed region of the diseased artery. The balloon 
then is deflated so that the dilatation catheter can be removed from the dilated stenosis and 
blood flow can resume through the dilated artery. 

A rapid-exchange catheter has a relatively short guide wire-receiving sleeve 
or inner lumen (sometimes referred to as the "rail") which extends a short distance through 
the distal portion of the catheter body. This inner lumen preferably extends approximately 
1 0 cm, and typically about 30 to 40 cm, from a first guide wire port at the distal end of the 
catheter to a second side guide wire port located on the catheter body. In some catheters 
the rail can be much smaller than 10 cm, especially when the side guide wire port is located 
distal to the inflation balloon. The catheter can be advanced within the patient's vascular 
system in much the same fashion as described above, as the short, guide wire lumen of the 
catheter slides along the length of the guide wire. Alternatively, the guide wire first may be 
advanced within the patient's vasculature until the distal end of the guide wire extends 
distally to the stenosis with the catheter then being mounted onto the proximal end of the 
in-place guide wire and advanced over the guide wire until the balloon portion is 
positioned across the stenosis. This particular structure allows for the rapid-exchange of 
the catheter, usually without the need for an exchange wire or adding a guide wire 
extension to the proximal end of the guide wire. Other over-the-wire or rapid-exchange 
catheters also can be designed to utili se therapeutic or diagnostic means in place of the 
balloon in the description above. 

Several notable improvements recently have been made in balloon 
angioplasty catheters. One such improvement is described in U.S. Pat. No. 4,748,982 
(Horzewski et al.) wherein a short sleeve or inner lumen at least about 10 cm in length is 
provided within the distal section of the catheter body which extends from a first port 
proximal to the balloon to a second port in the distal end of the guide wire and which is 
adapted to slidably receive a guide wire. The proximal port is not less than about 1 0 cm and 
not more than about 40 cm from the distal end of the catheter. Preferably, a slit is provided 
in the catheter body extending from the proximal port to a location proximal to the 
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proximal end of the balloon to facilitate the rapid removal of the catheter from the 
proximal end of the guide wire which extends out of the patient. 

Another improvement, which was introduced into the market place by 
Advanced Cardiovascular Systems, Inc., has been perfusion-lype dilatation catheters which 
allow for long term dilatations to repair arterial dissections and other arterial damage. 
These perfusion catheters have a plurality of perfusion ports, in the wall forming at least 
part of the catheter body proximal lo the balloon, which are in fluid communication with an 
inner lumen extending to the distal end of the catheter body. A plurality of perfusion ports 
preferably are provided in the catheleT body distal to the balloon which also are in fluid 
communication with the inner lumen extending to the distal end of the catheter body. 
When the balloon on the distal extremity of the dilatation catheter is inflated to dilate a 
stenosis, oxygenated blood in the artery or other vessel (depending upon the location of the 
dilatation catheter within the coronary anatomy) passes through the proximal perfusion 
ports, through the inner lumen of the catheter body and out of the distal perfusion ports. 
This provides oxygenated blood downstream from the inflated balloon to thereby prevent 
or minimize ischemic conditions in the tissue distal to the catheter to thereby facilitate 
long-term dilatations. As is appreciated by those skilled in the art, tissue distal to a stenosis 
frequently is in jeopardy even before a dilatation procedure is commenced, due to pre- 
existing ischemic conditions. As a result, care should be exercised in sizing the perfusion 
ports and the inner lumen to ensure that there is adequate flow of oxygenated blood to the 
tissue distal of to the catheter, to eliminate or minimize ischemic conditions. 
Unfortunately, commercially available perfusion catheters have relatively large profiles, 
owing to the size of the inner tubular member which extends through the interior of the 
balloon. This prevents use of such catheters in many distal coronary locations with small 
diameter lumens. 

A major and continual thrust of development work in the field of 
intravascular catheters, and particularly as to coronary angioplasty catheters, has been to 
reduce the profile, Lc^ the transverse dimensions, of such catheters and to improve the 
flexibility thereof without detrimentally affecting the "pushability" characteristic of the 
catheters, particularly in the distal portion of the devices. A reduction in profile with little 
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or no loss in pushability allows a dilatation catheter to be advanced much farther into a 
patient's coronary vasculature and to cross much tighter lesions. 

The guide wires employed in coronary angioplasty are of relatively small 
diameter because of the relatively small size of both the blood vessels and the luminal 
openings of the dilatation catheters which pass over the guide wires. To facilitate steering 
or placement within the cardiovascular system, a guide wire should be both relatively 
flexible toward its distal end and relatively rigid from a torsional standpoint over its entire 
length (i.e. , it should posses "pushability" and 'Horqueabitity"). These two desirable 
properties are somewhat inconsistent with one another and therefore can be difficult to 
achieve in practice. 

While guide wires designed for coronary angioplasty, at least in theory, also 
can be employed in the peripheral organs such as the arms and the legs, these guide wires 
may not have sufficient torsional rigidity for use in such applications. In addition, it is 
difficult lo track a catheter with a relatively large luminal opening over a guide wire of 
relatively small diameter to a desired location. Ideally, the guide wire should fit closely 
within the luminal opening but still loosely enough to permit the catheter to move freely 
along the wire. 

Further details of guiding catheters, dilatation catheters, guide wires, and 
other devices for angioplasty and other procedures can be found in U.S. Patent No. 
4323,071 (Simpson-Robert); U.S. Patent No. 4,439,185 (Lindquist); U.S. Patent No. 
4,468,224 (Enzmaim ct al.); U.S. Patent No. 4,516,972 (Samson); U.S. Patent No. 
4,438,622 (Samson et al.); U.S. Patent No. 4,554,929 (Samson et al.); U.S. Patent No. 
4,582,185 (Samson); U.S. Patent No. 4,616,652 (Simpson); U.S. Patem No. 4,638,805 
(Powell); U.S. Patent No. 4,748,986 (Morrison et al.); U.S. Patent No. 4,898,577 (Badger 
et al.); arid U.S. Patent No. 4,827,943 (Taylor ct al.). 

A common problem that sometimes occurs after an angioplasty procedure 
has been performed is the development of restenosis at or near the original site of the 
stenosis. When restenosis occurs, a second angioplasty procedure or even bypass surgery 
may be required, depending upon the degree of restenosis. Currently, it is estimated that 
approximately one third of the patients who undergo PTCA procedures develop restenosis 
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wiihin six months. In order to prevent this occurrence and thus obviate the need to perform 
bypass surgery or subsequent angioplasty procedures, various devices and procedures have 
been developed for reducing the likelihood of development of restenosis after an arterial 
intervention. For example, an expandable tube (commonly referred to as a "stent"), 
designed for long-term implantation within the body lumen, has been used to help prevent 
restenosis. By way of example, several stent devices and stent delivery systems can be 
found in commonly assigned and commonly owned U.S. Patent No. 5,158,548 (Lau et al.); 
U.S. Patent No. 5,242,399 (Lau et al.); U.S. Patent No. 5,344,426 (Lau ct al.); U.S. Patent 
No. 5,421,955 (Lauctal.); U.S. Patent No. 5,514,154 (Lau et al.); U.S. Patent No. 
5,569,295 (Lara); and U.S. Patent No. 5,360,401 (Tumlund ct al.). 

More recent devices and procedures for preventing restenosis after arterial 
intervention employ a radiation source to minimise or destroy proliferating cells. Such 
proliferating cells are thought to be a major factor in restenosis development. Balloon 
catheters have been suggested as a means to deliver and to maintain the radiation source in 
the area at which arterial intervention has taken place, thereby exposing the area to a 
sufficient radiation dose to abate cell proliferation. Two such devices and methods are 
described in U.S. Patent No. 5,302,168 (Hess) and U.S. Patent No. 5,503,613 
(Weinberger). Other devices and methods which utilize radiation treatment delivered by an 
intravascular catheter are disclosed in commonly assigned and commonly owned co- 
pending U.S. Serial No. 08/654,698, filed May 29, 1996, entitled Radiation-Emitting How- 
Through Temporary Stent. 

Another medical device for the treatment of a body lumen by radiation is 
disclosed in European Patent Application No. 0 688 580 Al (Schneider). In the Schneider 
device, the balloon catheter includes a lumen that extends from a proximal opening to an 
area near the distal end of the catheter, where it dead ends. This lumen, known as a "blind" 
or "dead end" lumen, is intended to carry a radioactive-tipped source wire that slides into 
Lhe lumen, once the catheter is in place in the artery or body lumen. When the source wire 
is positioned, the radioactive section at the distal tip lies near the dead end to provide 
radiation to the body lumen. 
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Another procedure used to deliver a radiation source to a vessel is disclosed 
in U.S. Patent No. 5,503,61 3 (Weinberger), wherein a catheter is provided with two inner 
lumens. One lumen accepts a guide wire for sliding into the body lumen. The other lumen 
is a blind lumen and receives a radiation dose delivery wire manipulated remotely by a 
computer controlled afterloader. After the catheter has been positioned so that its distal 
end lies just distally of the stenosed area, the radiation dose delivery wire is inserted into 
the open end of the blind lumen and advanced to the dead end, where it delivers a radiation 
dose to the affected tissue. This method requires using a catheter with a rather large cross- 
section, Le^, a cross-section that is sufficient to accommodate both lumens, which can 
complicate the insertion of the catheter in narrow, tortuous arteries. Another method 
avoids this problem by using an over-the-wire catheter to treat the stenosed region, and 
then withdrawing the guide wire and inserting the radiation dose delivery wire in its place. 
Unfortunately, with this latter device, the radiation source wire will be exposed to the 
blood, requiring sterilization if reuse is contemplated, or disposal after one use, which 
increases the cost associated with the procedure and further can increase the quantity of 
radioactive waste as to which stringent disposal requirements apply. 

The use of nuclear radiation to prevent restenosis represents a significant 
improvement in the safety and success rate of PTC A and percutaneous transluminal 
angioplasty (PTA) procedures. However, a few attendant factors give rise to special 
considerations that must be addressed to successfully employ this melhod. In particular, 
wilhdrawing the guide wire is disfavored by physicians because it results in a more 
complex and lengthy procedure, thereby increasing the risk of complications. Further, if 
the radiation source delivery wire comes in direct contact with the patient's blood, it poses 
the risk of blood contamination. Thus such a direct contact wire must be sterilized before 
it is retracted into the afterloader and used on another patienl. Jn addition, the salts and 
other chemical compounds found in blood may adversely impact the radiation source 
delivery wire and shorten its useful life. 

Another consideration uniquely implicated in intraluminal radiation therapy 
is that the radiation source must be located centrally within the body lumen being treated to 
assure uniform delivery of the radiation dose to the entire target area. Typically, the 
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radioactive sources employed are gamma ray emitters, and point-source garnrna rays 
attenuate inversely with the square of the distance traveled. If the radiation cose delivery 
wire lies closer to one side of the lumen than to another or at an angle to the lumen, the 
radiation dose delivered will be non-uniform along the entire length of the target area and 
some areas thus likely will receive appreciably larger doses than others. Precise spatial 
alignment of the radiation dose delivery wire is difficult to achieve in practice. Although 
this problem is not encountered when the radiation source is embedded in the tip of the 
catheter, which tip usually becomes centered within the lumen when the balloon is inflated, 
the use of catheters to deliver the radiation dose can result in excessive radiation doses 
being delivered to the body lumens which lead to the stenosed area because the catheter 
typically must remain in place in the lumen longer than other means of site-specific 
radiation delivery. Inserting and withdrawing catheters repeatedly can cause additional 
damage to the vascular tissue owing to the relatively large cross-section of the catheters. 

Despite many advances in the field, there remains a need for an apparatus 
that will minimize the time required to accurately deliver a radiation source to a body 
lumen following an intravascular intervention such as PTCA and that will prevent or 
minimize the exposure of the radioactive source material to the blood stream. Such a 
device ideally will combine the best features of both catheters and radiation source delivery 
wires into one novel and effective package thai further will enhance the safely and success 
rate of intravascular procedures. 

SUMMARY OF THE INVENTION 

The present invention provides for an apparatus and method of treating a 
body lumen, such as a coronary artery or other artery or vein, with radiation to reduce the 
likelihood of the development of restenosis. In keeping with the invention, a guide wire is 
provided which is adapted to receive a radiation source for delivery to a target area in the 
body lumen. Typically, the radiation source will be delivered through a lumen in the guide 
wire to irradiate the target area. The term "target area" as used herein means that portion of 
a body lumen which is to receive a radiation dose. 
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The present invention provides a hollow guide wire having proximal and 
distal ends, a radiation source lumen extending from the proximal end to a point proximate 
Hie distal end, and a solid core portion at the disial end. A flexible tip may be secured to 
the solid core portion to facilitate inserting and navigating the guide wire through iortuous 
body lumens. The radiation source lumen is adapted to concentrically and slidably receive 
a radiation source delivery wire, and the solid core portion defines the maximum distance 
the radiation source wire can be inserted into the radiation source lumen. Radiopaque 
markers may be provided on the outer surface of the hollow guide wire to assist in the 
precise positioning of the solid core portion and to insure accurate positioning of the 
radiation source wire relative to the target area. 

The present invention includes an assembly for delivering the radiation 
source within a body lumen to the target area. The hollow guide wire having the radiation 
source lumen extending from the proximal end of the guide wire through to a point 
proximal to the distal end has a solid core portion proximate the distal end. A catheter is 
provided having a guide wire lumen which extends through at least a portion of the guide 
wire, the guide wire lumen being sized for receiving the guide wire. The guide wire lumen 
will extend through the catheter for over-thc-wire applications, and will extend from a side 
port on the outer surface of the catheter through the distal end in rapid-exchange catheter 
applications. An expandable member, such as a dilatation balloon, is associated with the 
distal end of the catheter for centering the guide wire within the body lumen, such as a 
coronary artery. A radiation source, such as a radiation source wire, is received in the 
radiation source lumen, and the radioactive portion of the radiation source wire is 
positioned proximate the distal end of the guide wire with the solid core portion of the 
guide wire defining the distal-most extent to which the radiation source can be advanced. 
The radiation source should be positioned within the radiation source lumen concentric 
with the balloon portion of the catheter, which is positioned at the target area, to deliver the 
radiation dose. 

The method for irradiating the target area includes the assembly described 
for delivering a radiation dose within the body lumen. The guide wire is advanced within 
the body lumen such that the tip of the guide wire is advanced distally of the target area. 
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The catheter is advanced over the guide wire so that the expandable member or balloon is 
positioned within the target area, so that the balloon portion of the catheter can be inflated 
into contact with the target area, thereby centering the guide wire and radiation source 
lumen within the target area. The radiation source, such as a radiation source wire, is 
advanced within the radiation source lumen of the guide wire so that a radioactive isotope 
can be positioned within the target area, to deliver a radiation dose thereto. After 
treatment, the radiation source is withdrawn from the radiation source lumen, the balloon 
portion of the catheter is deflated and the catheter is withdrawn from the body lumen as 
well as the guide wire. 

In either an over-the-wire or rapid-exchange catheter application, it is 
contemplated that perfusion holes proximal and distal to the balloon portion of the 
catheters will be provided to perfuse blood during the irradiating process. 

The radiation therapy can be provided either during a PTCA or PTA 
procedure, or immediately thereafter. While it is contemplated that the target area can be 
irradiated prior to a dilatation procedure, such is not currently the preferred sequence. 
Preferably, after a dilatation procedure such as a PTCA or PTA procedure is completed, 
and without withdrawing either the dilatation catheter or the guide wire, the irradiation 
procedure is accomplished as described. 

Other features and advantages of the invention will become apparent from 
the following detailed description, taken in conjunction with the accompanying drawings, 
which illustrate, by way of example, the features of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a longitudinal cross-sectional view of a tubular guide wire and 
a position of the radiation source delivery wire embodying features of the present 
invention. 

FIG. 2 is an elevational view, partially in section, illustrating a rapid- 
exchange catheter receiving the tubular guide wire shown in FIG. 1 . 
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FIG. 3 is an elevational view, partially in section, illustrating an over-the- 
wire catheter receiving the tubular guide wire and the radiation source wire inserted within 
the guide wire. 

FIG. 4 is an elevational view, partially in section, illustrating the rapid- 
exchange catheter and guide wire of FIG. 2, where the guide wire has received the radiation 
source wire. 

FIG. 5 is an enlarged cross-sectional view of the distal end of the catheter, 
illustrating the guide wire and the radiation source wire positioned at the target area to 
irradiate the area. 

FIG. 6 is a cross-sectional view of a guide wire according to the invention in 
which at least a portion of the distal end of the guide wire is formed of a radiation 
transparent material such as a polymer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Intravascular procedures such as percutaneous transluminal coronary 
angioplasty (PTCA) or percutaneous transluminal angioplasty (PTA) sometimes result in 
development of restenosis in the treated or target area. A promising new technology that 
has been used successfully to prevent development of restenosis delivers a pre-selected 
dose o f nuclear radiation to the target area during or immediately following the angioplasty 
procedure. The radiation dose usually is delivered via a wire which incorporates a 
radioactive source material. The wire is inserted into the catheter used to treat the stenosed 
area. This procedure requires that the guide wire first be withdrawn from the catheter to 
permit insertion of the radiation dose delivery wire in the guide wire lumen in the catheter, 
or that the catheter incorporate an additional lumen that receives the radiation dose delivery 
wire. The latter dual-lumen catheters, however, have higher profiles which are undesirable. 
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The present invention obviates the need for a dual -lumen catheter and also 
makes it unnecessary to remove the guide wire prior to radiation treatment by providing, 
generally, a tubular guide wire 25 formed with a radiation source lumen 26 extending 
through a portion of the guide wire. The guide wire 25 has an opening at a proximal end 
27 thereof for slidably receiving a radiation source wire 50, and formed at distal end 29 of 
the guide wire 25 is a flexible tip 31 useful in navigating tortuous vessels. 

Referring to FIG. 1, the guide wire 25 may be formed from any high tensile 
strength material such as stainless steel, titanium, or a suitable superelastic nickel-titanium 
(NiTi) alloy, and may be formed by methods such as multiple extrusion of a tube through 
repeatedly smaller dies until the desired dimensions are achieved. It is important that the 
guide wire thus formed provide the critical characteristics of "push ability" and 
'^orqueability" which allow it to be pushed along the tortuous paths defined by the body 
lumens into which it is introduced. 

If the guide wire is formed from NiTi, the preferred superelastic alloy has a 
final austenite transformation temperature (A f ) of less than about 40 °C and contains about 
32 percent to about 52 percent titanium with the balance of the composition being nickel, 
and up to 10 percent of additional alloying elements. A nickel content in excess of 50 
percent causes brittleness and prevents effective cold working. The additional alloying 
elements may include iron, cobalt, chromium, platinum, palladium, tungsten, vanadium, 
copper and beryllium. 

Alternatively, the guide wire 25 may be constructed of a polymer or 
composite distal portion which is secured to a metal alloy proximal portion by any suitable 
method such as by welding, brazing, or the use of epoxies. Such construction would 
provide the desirable "pushability" and '*torqueability" characteristics of metal over the 
majority of the length of the guide wire, but would offer the flexibility inherent with 
polymers at the distal extremity of the guide wire, thereby facilitating the insertion and 
positioning of the guide wire within the patient's vascular system. 

A suitable outer diameter for the guide wire 25 is in the range of 0.203 to 
0.813 mm (0.008 to 0.032 in.) and preferably of approximately 0.356 mm (0.0H in.). A 
guide wire with a 0.356 mm (0.014 in.) outer diameter is compatible with most dilatation 
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catheters presently on the market. The guide wire 25 shown in FIG. 1 has a constant outer 
diameter along its entire length, but it will be understood by those skilled in the art that the 
guide wire 25 also may be formed so as to exhibit a tapered configuration which has a 
larger outer diameter at the proximal end 27 and a smaller diameter at the distal end 29. 
The overall length of the guide wire 25 can be in the range of 50 to 250 cm, and for 
coronary applications preferably is approximately 175 cm long. The guide wire also may 
be provided with a radiation shielding means if the radioactive souice material to be used 
so warrants. The radiation shield may be comprised of a flexible metal covering (not 
shown) which encases the guide wire 25 to a point near the solid distal end, thereby 
defining a short window through which radiation can emit forth into the surrounding tissue. 
Such a metal covering may be of tubular construction or, alternatively, may comprise of a 
coating around the guide wire. 

Alternatively, a guide ware constructed of two materials, as will be 
described herein, could obviate the need for a separate radiation shield, and the meLal alloy 
portion of the guide wire could be formed of sufficient thickness to act as a radiation shield 
while ihe distal polymer portion would provide a window through which the emitted 
radiation can penetrate. 

The inner diameter of the guide wire 25, namely, the radiation source lumen 
26, will vary depending upon the Intended application and the degree of flexibility 
required, as well as on the outer diameter of the guide wire 25. It is well known that the 
section modulus of a tube, a measure of the capacity of a section of the tube to resist any 
bending moment applied to it, decreases with the thickness of the tube wall. A guide wire 
inner lumen diameter to outer diameter ratio of 0.32, for example, will result in a decrease 
in the section modulus of approximately one percent as compared to a solid tube, for 
example of the type used for conventional guide wires for use in PTC A and PTA 
procedures. The section modulus of a tube having a solid core varies with the cube of its 
diameter, and for this reason a larger diameter tubular guide wire can be formed with a 
larger lumen and yel provide the same section modulus as a smaller guide wire having a 
smaller lumen. In a preferred embodiment, the guide wire 25 has an outer diamcier of 



-12- 



(26) 



11-570 



0.356 mm (0.014 in.) and the radiation source lumen 26 has a diameter that preferably is in 
the range of about 0.254 to 0.1 14 crn (010 to 0.0045 in.) 

The guide wire has a solid core portion 30 at the distal end 29 of the guide 
wire, which may be formed contiguous with the hollow portion (Le,, radiation source 
lumen 26) of the guide wire during the extrusion process, or which may be attached to the 
hollow portion by any secure means such as by welding, brazing, or the use of an epoxy. 
The method used should achieve a bond with a section modulus substantially equal to the 
section modulus of the guide wire hollow portion in order to prevent separation of the solid 
core portion 30 while the guide wire is in the patient. The solid core portion includes a 
flexible tip 3 1, to aid navigating the guide wire through tortuous body lumens. The flexible 
tip 31 may be attached to the solid portion by any suitable method or may be formed from 
the same core element such as by centerless grinding. One or more radiopaque markers 42 
may be provided on the guide wire 25 to allow the physician to see the position of the 
guide wire distal end 29 on a fluoroscopy Alternatively, a section of the solid core portion 
30 may be formed from a radiopaque material such as gold. 

The proximal end 27 of the guide wire 25 may be provided with a fastening 
mechanism 33, such as a threaded fastener or similar mechanism for connecting the guide 
wire 25 to a computer controlled afterloader (not shown). The fastening mechanism 33 
preferably will be both air-tight and fluid tight, and therefore will be suited for use with any 
of solid, liquid or gaseous radioactive sources. The fastening mechanism 33 also should be 
rotatably mounted to the guide wire, so that the circular position of the guide wire can be 
adjusted as necessary, even after the guide wire has been connected to the afterloader. 
Alternatively, the fastening mechanism may be spring -loaded, or a combination 
threaded/spring loaded assembly. 

In operation, the guide wire 25 is inserted into the patient's vascular system 
much in the same manner that conventional guide wires are inserted when used in PTCA or 
PTA procedures. The flexible tip 31 at the distal end 29 can be shaped manually by the 
physician into a desired configuration prior to insertion into the body lumen. The 
specially-shaped flexible tip 3 1 facilitates inserting and navigating of the guide wire 25 
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through the body lumen, and the radiopaque markers 42 allow the physician to track the 
location of the guide wire on a fluoroscopy 

In conjunction with the guide wire of the invention, the preferred method of 
use is described. Referring to FIGS. 2, and 4 5, the guide wire 25 is advanced in an artery 
34 until the distal end 29 is located just past the stenosed area, as is known in the art. The 
dilatation catheter 40 is advanced distally oveT the guide wire 25 until the inflatable balloon 

41 of the catheter is positioned across the stenosed or target area 35. A radiopaque marker 

42 usually is provided on the catheter at the midpoint of the inflatable balloon to aid the 
physician in tracking the progress of the catheter within the body lumen and in positioning 
the balloon within the target area 35. The dilatation catheter 40 includes a guide wire 
lumen 43, which is sized to slidably receive the guide wire 25 and to maintain it in a 
coaxial relationship with the catheter. The guide wire lumen 43 preferably is 0.0254 to 
0.051 mm (0.001 to 0.002 in.) larger than the outer diameter of the guide wire. Thus, in a 
preferred embodiment, the guide wire 25 has an outer diameter of 36 mm (,014 in.), and the 
guide wire lumen 43 preferably has an inner diameter of about 0.381 to 0.406 mm (.01 5 to 
.016 in.) 

The dilatation catheter 40 next is used to treat the stenosis by inflating the 
balloon 41 with a radiopaque liquid for a selected period of time. The catheter 40, shown 
in HG. 2 3 is a rapid-exchange catheter generally known in the art and has a plurality of 
perfusion ports 44, 45. It will be understood by those skilled in the art, however, that the 
guide wire of the present invention works equally well with all other types of catheters, 
including over-the-wire-type catheters. Thus, as is shown in FIG. 3, the guide wire of the 
present invention is used with an over-the-wire catheter 40 also having the capacity for 
perfusion. (Similar or like devices herein are referred to with the same reference numerals 
in the drawing figures.) The guide wire of the present invention is uniquely well adapted 
for use with perfusion-type catheters, because the guide wire allows the radioactive source 
to be inserted into the patient without exposure to the patient's blood stream, thereby 
eliminating the risk of contaminating the blood stream or the wire. In extreme cases, 
exposing the radiation source material to the blood of the patient may contaminate the 
blood and cause further complications for the patient. Therefore, it is highly desirable to 
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isolate the blood stream from the radiation source while allowing blood flow through the 
body lumen being treated, two previously incompatible goals which is now achievable by 
the present invention. 

Referring to FIGS. 1-5, following dilation of the stenosed area 35, a 
radiation source, such as a wire 50 having a radioactive source material 5 1 formed in a 
distal end 52 thereof, is inserted into the proximal end 27 of the radiation source lumen 26 
and is advanced through the lumen, adjacent to the solid core portion 30 of the guide wire 
25. The solid core 30 limits the extent to which the radiation source wire 50 can be 
advanced distally into the guide wire 25 Lhrough the radiation source lumen 26, and 
because the solid core portion 30 previously has been precisely located by the physician 
within the patient's artery by monitoring the location of the radiopaque markers 42 on a 
fluoroscope, the physician now can determine with certainty the location of the radioactive 
source material 51 within the patient's body lumen. 

The inflated balloon 44 pushes evenly against the walls of the artery and 
thus serves to center the catheter 40 within the artery 34, and Ihereby also centers the guide 
wire 25, and the radioactive source material 5 1 within it. If the radiation source is in the 
form of a wire 50, it should be of a suitable diameter to be slidably received and coaxially 
situated in the radiation source lumen 26, and preferably is about 0.0254 to 0.05 1 mm 
(0.001 to 0.002 in.) smaller than the diameter of radiation source lumen 26. This is an 
important consideration in order to ensure that the radioactive source material 51 is 
centered within the body lumen so that the entire target area 35 receives an equal dose of 
radiation. 

In oncological procedures, radiation wires typically are inserted and 
advanced in the patient by a computer-controlled afterloader, and the guide wire of the 
present invention is especially well suited for use with an afterloader. The proximal end 27 
of the guide wire 25, for instance, may be formed with a fastener 33 adapted for connection 
to the afterloader (not shown), thereby allowing completely hands-free insertion of the 
radiation source wire 50. Using an afterloader also would allow precise positioning of the 
radiation source wire 50, because the guide wire 25 is of a known length and the afterloader 
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computer thus can calculate the precise distance to which the radiation source wire must be 
advanced in order to position the radioactive source material 51 at the target area 35. 

The hollow guide wire 25 of the present invention allows delivery of the 
radiation dose immediately following or, indeed, even during the PTCA or PTA 
procedure. Conventional guide wires typically must be removed to make room to insert a 
radiation source wire, or alternatively an additional lumen must be provided in the catheter 
to receive the radiation source wire, which additional lumen would increase the catheter 
profile. The task of exchanging wires is time consuming and may cause further 
complications, especially if a perfusion-type catheter is not being used and normal blood 
flow through the patient* s arteries is compromised for a long period, thus depriving the 
tissue distal of the catheter of an adequately oxygenated blood supply, resulting in 
ischemia. Further, inserting and removing guide wires repeatedly increases the risk of 
traumatically engaging a vessel wall and, when a pcrfusion-type catheter is used, the risk of 
inadvertently passing one oT the wires through a perfusion port also is increased. 
Therefore, it is desirable lo minimize the movement of the guide wire after it properly has 
been positioned at the target area, as can be achieved through use of the guide wire of the 
present invention. A system according to the invention having a single lumen to carry huth 
the guide wire and the radiation source material also is beneficial insofar as the expense 
and complications associated with manufacturing a multiple lumen catheter are avoided. 
From a procedural perspective, such a single lumen construction also is advantageous as 
compared to a multi-lumen construct because generally speaking, the greater is the number 
of catheter lumens, the greater is the overall catheter outer diameter, and the greater the 
outer diameter, the greater is the profile and the stiffness of the system. The stiffer the 
system, the greater the resistance that is encountered when trying to negotiate the circuitous 
path to the target area through the tortuous vascular anatomy. The greater the resistance, 
the more likely it is that a part of the vasculature will be damaged during the procedure. 

In one preferred method of use, the radiation source wire 50 also may be 
positioned within the guide wire 25 concurrently with the inilation of the catheter balloon 
41, thereby greatly reducing the total time required for performing the dilatation procedure. 
In this method, the catheter 40 and the guide wire 25 are advanced and positioned in the 
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artery 34 in the conventional manner for a dilatation procedure. The proximal end 27 of 
Ihe guide wire 25 is connected to an afterloader using the fastener 33 or a similar 
connector. The radiation source wire 50 is advanced by the computer-controlled 
afterloader into the radiation source lumen 26 of the guide wire 25. Because the. distance 
from the proximal end 27 of the guide wire to the center of the balloon 41 is known, the 
radiation source wire 50 is advanced until the radioactive source material 51 is positioned 
within the balloon 41. At the same time the balloon is expanded to enlarge the stenosed 
region 35, the radioactive source material 51 will be emitting radiation at a predetermined . 
rate and dose level. The guide wire remains in position for the entire procedure, which 
greatly reduces the overall time of the procedure and avoids the complications associated 
with the prior art devices. The radiation source wire 50 can be withdrawn into the 
afterloader when the predetermined dose level has been administered, which may be during 
or immediately after the dilatation procedure. It is contemplated that the guide wire ofthe 
present invention can be used with the radiation source wire to irradiate the target area 
before the dilatation procedure, however, there is little data at present that would suggest 
thai such a procedure would be beneficial. 

The guide wire also can be employed solely as a radioactive dose delivery 
means in situations that do not require the insertion of a catheter. In such situations, the 
guide wire 25 would act as a catheter, but with a much lower risk of damaging the body 
lumens and with much enhanced ease of inserting and navigating within the lumens. 

Referring to FIGS. 1 and 3-5, the radiation source has been illustrated as 
being in the form of a wire 50. It will be understood by those skilled in the art, however, 
thai the guide wire 25 of the present invention is equally well suited for use with 
radioactive source materials that are gases, liquids, or slurries of solid particles suspended 
in solution. This is possible due to the monolithic construction of the guide wire and the 
provision of the containing lumen 26, which minimizes the risk of leaks developing such 
that the radioactive source materials can leak out or the blood can leak in to become 
contaminated. A guide wire according to the present invention thus can be fastened in a 
leak-proof manner to an afterloader and the afterloader then can evacuate the radiation 
source lumen 26 and discharge a radioactive liquid or gas into the guide wire 25 for a 
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predetermined period of time. This method could necessitate the use of a radiation shield 
70 (FIG. 6) around the guide wire 25, to prevent irradiating healthy tissue or personnel in 
the catheterization laboratory ("cath lab")- 

Referring to FIG. 6, an alternative embodiment of the invention is shown in 
which a guide wire 80 is formed of a radiopaque metal alloy at a proximal end section 8 1 , 
while distal end section 82 is formed of a polymer that is substantially transparent to 
radiation. The distal end section 82 can be attached to the proximal end section 81 by any- 
suitable known means such as by adhesive bonding, laser welding, or the like. An annular 
bond 83 at the juncture of the two guide wire sections 81 , 82 should ensure a secure 
connection. Likewise, the distal end section 82 is securely attached to a solid core portion 
84 of the guide wire 80 by an annular bond 90. As previously was described for other 
embodiments of the invention, the guide wire 80 includes a radiation source lumen 92 
having an inner diameter that is adapted to receive a radiation source such as the radiation 
source wire 50. The distal end section 82, being formed from a radiation transparent 
polymer, will permit maximum radiation exposure to the target area 35, when the radiation 
source material 5 1 is positioned within the distal end section 82. The proximal end section 
81 is formed from, for example, a stainless steel alloy or another conventional guide wire 
metal alloy which is radiopaque, so that as the radiation source material 5 1 is advanced 
through the guide wire 80, it will not penetrate the metal alloy of the proximal end section 
8 1 . The proximal end section 81 thus protects the patient and the medical personnel from 
radiation exposure, while the distal end section 82 selectively permits the radiation source 
material to emit radiation to the target area 35. As described, the radiation shield 70, in the 
form of a covering or jacket, can be applied to cover the proximal end section 81 to further 
insure that no radiation, or that inconsequential amounts of radiation, penetrate the 
proximal end section. The distal end section 82 should have a length that is consistent with 
the length of the inflatable balloon of the catheter, typically 20 mm to 40 mm for most 
coronary' applications, but the length can vary depending on the particular application. 

While there are numerous radioactive sources available for use with the 
present invention, the following radioisotopes are preferred: Iridium 192; Sodium 22; 
Scandium 46; Manganese 54; Yttrium 88; Cerium 139; Cerium 141 ; Strontium 85; Cobalt 



-18- 



(32) »BH¥1 1-5704 1 

57; Cobalt 60; Cesium 134; Palladium 103; Gold 198; Niobium 95; Mercury 203; Iodine 
125; and Iodine 131. While gamma radiation is preferred for use with the present 
invention, beta radiation also is contemplated, although it may not penetrate as well as 
gamma radiation through the guide wire. 

From the foregoing, it will be appreciated that embodiments according to 
the present invention provide a guide wire for use in intravascular procedures that allows 
delivery of a radiation source without the use of a high profile, dual-lumen catheter and 
without exposing the radiation source to the blood stream, the embodiments further greatly 
reduce the time required for performing all intravascular procedures which incorporate 
radiation treatment of the affected area. Those skilled in the art will recognize that the 
invention is suitable for all types of catheters used with guide wires and may be used in a 
variety of body lumens. The present invention further advances the state of the art for 
intravascular procedures by offering versatility in the types of radioactive source materials 
that can be used, flexibility in the range of possible applications, and safety to the patient 
and attending medical staff. 

While particular embodiments of the invention have been illustrated and 
described, various modifications can be made without departing from the spirit of the 
invention, and all such modifications and equivalents are intended to be covered. 
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WHAT IS CLAIMED IS : 

1 . An apparatus for positioning a radiation source in a body lumen, 

comprising: 

a guide wire (25, 80) having a proximal end (27), a distal end (29), 
and a radiation source lumen (26, 92) extending from the proximal end through the guide 
wire to a point near the distal end; 

a solid core portion (30, 84) at the distal end (29) of the guide wire 

(25, 80); 

a flexible guide wire tip (31) at the distal end (29) of the guide wire 
(25, 80) for navigating through the body lumen; 

the radiation source lumen (26, 92) adapted to receive a radiation 
source (51) to be positioned proximate the distal end (29) of the guide wire (25, 80) with 
the solid core portion (30) defining the distal-most extent to which the radiation source (51) 
is advanced into the lumen. 



2. The apparatus of claim 1, wherein the guide wire (25, 80) is tapered, 
the guide wire proximal end (27) having a larger diameter than the guide wire distal end 
(29). 



3. The apparatus of claim 1, wherein the guide wire (25, 80) further 
comprises means for shielding (70) the body lumen from the radiation emitted by the 
radiation source (51). 



4. The apparatus of claim 3, wherein the radiation shielding means (70) 
include a metallic cover disposed around a portion of the guide wire (25, 80). 
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5. The apparatus of claim 1 , wherein the guide wire (25, 80) has an 
outer diameter substantially in the range of 0.203 to 0.813 mm (0.008 to 0.032 in.). 

6. The apparatus of claim 5, wherein the radiation source lumen (26, 
92) has an inner diameter substantially in ihe range of 0.1 14 to 0.254 (0.0045 io .010 in.). 

7. The apparatus of claim 6, wherein the ratio of the radiation source 
lumen (26, 92) inner diameter to the guide wire (25, 80) outer diameter is no greater than 
0.32. 

8. The apparatus of claim 1 , wherein at least a portion (8 3 ) of the guide 
wire (25, 80) is formed from a metal alloy selected from the group of metal alloys 
including stainless sleel, nickel-titanium, titanium, tungsten, platinum, iron, cobalt, 
chromium, palladium, and copper-beryllium. 

9. The apparatus of claim 1 , wherein at least a portion (82) of the guide 
wire (25, 80) is formed from a flexible polymer material. 

10. The apparatus of claim 1 , wherein the guide wire (25, 80) includes a 
distal section (82) formed from a polymer material and is attached contiguously (81) to a 
proximal portion formed from a metal alloy selected from the group of metal alloys 
including stainless sleel, nickel-titanium, titanium, tungsten, platinum, iron, cobalt, 
chromium, palladium, and copper-berylliurn. 
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1 1 . The apparatus of claim 1 , wherein the guide wire (25, 80) is 
approximately 50 cm to 250 cm long. 



12. The apparatus of claim 1, wherein the guide wire (25, 80) has 
radiopaque markers (42) formed thereon for viewing on a fluoroscope. 

13. The apparatus of claim 1, wherein the radiation source lumen (26, 
92) is adapted lo receive a radiation source material (51) formed from a solid material. 



14. The apparatus of claim 13, wherein the radiation source lumen is 
adapted to coaxially receive the radiation source material (5 1 ) associated with a radiation 
source wire (50). 



15. The apparatus of claim 13, wherein the radiation source lumen (26, 
92) is adapted to receive a radiation source wire (50) that is advanced within the radiation 
source lumen by a remote afterloader. 



1 6. The apparatus of claim 1 5, wherein the guide wire distal end (29) is 
provided with a fastener (33) for connecting the guide wire to the afterloader. 



17. The apparatus of claim 1, wherein the radiation source lumen (26, 
92) is adapted to receive a radiation source material that is formed from a radioactive slurry 
material. 
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18. The apparatus of claim 1, wherein the radiation source lumen (26, 
92) is adapted to receive a radiation source material that is formed from a radioactive liquid 
material. 

19. The apparatus of claim 1, wherein the radiation source lumen (26, 
92) is adapted to receive a radiation source material that is formed from a radioactive 
gaseous material. 

20. An assembly for positioning a radiation dose within a body lumen, 

comprising: 

a guide wire (25, 80) having a proximal end (27), a distal end (29), 
and a radiation source lumen (26, 92) extending from the proximal end through the guide 
wire to a point proximate the distal end; 

a solid core portion (30, 84) proximate the distal end of the guide 

wire; 

a guide wire tip (3 1) on the distal end (29) of the guide wire for 
navigating through the body lumen; 

a catheter (4U) having a guide wire lumen (43) extending through at 
least a portion thereof, the guide wire lumen sized for receiving the guide wire (25, 80); 

a radiation source material (51) received in the radiation source 
lumen (26, 92) and positioned proximate ihe distal end (29) of the guide wire (25. 80) with 
the solid core portion (30, 84) defining the most distal extent to which the radiation source 
material (51) can be inserted into the radiation source lumen; and 

a balloon (41 ) concentric about the catheter (40) and inflatable to 
contact the walls of the body lumen (34) and to center the calhcter (40) and the radiation 
source material (51) within the body lumen. 
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21 . The assembly of claim 20, wherein the catheter guide wire lumen 
(43) arid the guide wire (25, 80) are sized such that the guide wire is received 
concentrically within the catheter guide wire lumen. 

22. The assembly of claim 21, wherein the guide wire (25, 80) has an 
outer diameter of approximately 0.0254 to 0.051 mm (0.001 to 0.002 in.) smaller than an 
inner diameter of the catheter guide wire lumen (43). 

23. The assembly of claim 20, wherein the catheter (40) is a rapid- 
exchange-type catheter. 

24. The assembly of claim 20, wherein the catheter (40) is an over-the- 
wiTe type catheter. 

25. The assembly of claim 20, wherein the catheter (40) is a perfusion- 

type catheter. 

26. The assembly of claim 20, wherein the guide wire (25, 80) is 
tapered, the guide wire proximal end (27) having a larger outer diameter than the outer 
diameter of the guide wire distal end (29). 

27. The assembly of claim 20, wherein the guide wire (25 , 80) further 
comprises means for shielding (70) the body lumen (34) from the radiation emitted by the 
radiation source material (51). 
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28. The assembly of claim 27, wherein the radiation shielding means 
(70) includes a metallic cover disposed around a portion of the guide wire (25, 80). 

29. The assembly of claim 20, wherein the catheter (40) further 
comprises means for shielding (70) the body lumen (34) from the radiation emitted by the 
radiation source material (51). 

30. The assembly of claim 29, wherein the radiation shielding means 
(70) includes a metallic cover disposed around at least a portion of the catheter (40). 

3 1 . The assembly of claim 20, wherein the guide wire (25, 80) has an 
outer diameter substantially in the range of 0.203 to 0.813 (0.008 to 0.032 in.). 

32. The assembly of claim 31, wherein the radiation source lumen (26, 
92) has an inner diameter substantially in the range of 0. 1 14 to 0.254 (0.0045 to 0.010 in.). 

33. The assembly of claim 32, wherein the ratio of the radiation source 
lumen (26, 92) inner diameter to the guide wire (25, 80) outer diameter is no greater than 
0.32. 

34. The assembly of claim 20, wherein at least a portion (81) of the 
guide wire (25, 80) is formed from a metal alloy selected from the group of metal alloys 



-25- 



(39) 



ftmw-i 1-57 



including stainless steel, nickel-titanium, titanium, tungsten, platinum, iron, cobalt, 
chromium, palladium, and copper-bay Ilium. 

35. The assembly of claim 20, wherein at least a portion (82) of the 
guide wire (25, 80) is formed from a flexible polymei material. 

36. The assembly of claim 20, wherein the guide wire (25, 80) includes a 
distal section (82) formed from a polymer material attached to a proximal section (81) 
formed from a metal alloy selected from the group of metal alloys including stainless steel, 
nickel-titanium, titanium, tungsten, platinum, iron, cobalt, chromium, palladium, and 
copper-beryllium. 

37. The assembly of claim 20, wherein the guide wire (25, 80) is 
approximately 50 cm to 250 cm long. 

38. The assembly of claim 20, wherein the radiation source material (51) 
is formed from Lhe group of radiation source materials including a radioactive solid 
material, a radioactive liquid, a radioactive gas, and a radioactive slurry. 

39. The assembly of claim 38, wherein the radiation source material (51) 
is associated with a radiation source wire (50) adapted for receipt into the radiation source 
lumen (26, 92) of the guide wire (25, 80). 
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40. The assembly of claim 39, wherein the radiation source wire (50) has 
an outer diameter approximately 0.0254 to 0.051 (0.001 to 0.002 in.) smaller than the inner 
diameter of the radiation source lumen of the guide wire. 

4 1 . The assembly of claim 20, wherein the radiation source material (5 1 ) 
comprises radioisotopes selected from the group of radioisotopes including Iridium 192, 
Sodium 22, Scandium 46, Manganese 54, Yttrium 88, Cerium 139, Cerium 141, Strontium 
85, Cobalt 57, Cobalt 60, Cesium 134, Palladium 103, Gold 198, Niobium 95, Mercury 
203, Iodine 125, and Iodine 131. 

42. A method for irradiating a portion of a body lumen, the method 

comprising: 

providing an assembly having a catheter (40) with an expandable 
member (41) at a distal end thereof and a guide wire lumen (43) extending through at least 
a portion thereof, the guide wire (25, 80) lumen sized for receiving a guide wire therein, the 
guide wire having a proximal end (27), a distal end (29), and a radiation source lumen (26, 
92) extending from the proximal end through the guide wire to a point proximate the distal 
end, and a solid core portion (30, 84) on the distal end of the guide wire; 

positioning the catheter and the guide wire in the body lumen (34); 

advancing the guide wire (25, 80) so that the guide wire distal end is 
positioned distal to a target area (35) in the body lumen (34); 

advancing the catheter (40) over the guide wire (25, 80) so that the 
expandable member (41) is positioned within the target area (35) and inflating the 
expandable member into contact with the body lumen (34); 

advancing a radiation source material (51) within the radiation 
source lumen (26, 92) so that a radioactive isotope is positioned within the target area; 

irradiating the target area (35) for a predetermined time and 
predetermined radiation dose level; 
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withdrawing the radiation source material (5 1 ) from the radiation 
source lumen (26, 92); and 

deflating the expandable member (41) and withdrawing the catheter 
(40) and guide wire (25, 80) from the body lumen (34). 



43. The method of claim 42, wherein the step of providing a catheter 
(40) includes any of a Tapid-exchange catheter, an over-the-wire catheter, a fixed wire 
catheler, or a perfusion catheter. 



44. The method of claim 42, wherein the step of advancing the radiation 
source material (51) includes advancing a radiation source wire (50) having a radiation 
source material associated with a distal end (52) of the wire so that, as the wire is advanced 
in the radiation source lumen, the radiation source material at the distal end of the wire will 
be positioned within the target area (35). 



45. The method of claim 44, wherein the advancing step further 
comprises advancing the radiation source wire (50) using an afterloader and the 
withdrawing step further includes withdrawing the radiation source wire using the 
afterloader. 
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ABSTRACT 



A guide wire (25, 80) for use in intravascular procedures having a proximal 
hollow portion (26, 92) and a solid distal portion (30). The hollow portion (26, 92) is 
adapted to receive a radioactive source material (51) for irradiating a body lumen (34) to 
reduce the likelihood of the development of restenosis. 



